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What can Higgs Boson tell us?
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The Higgs boson is important not only for EWSB, 

but also as a WINDOW to NP beyond the SM.

Relation between 
HVV and HHVV 
couplings 
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1. Higgs-self Interaction
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Measuring HHH coupling via Higgs Pair Productions
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Higgs Boson Pair Production
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Sensitive to HHH coupling very differently

6J. Baglio, A. Djouadi et al.  JHEP 1304(2013)51



Sensitivity to HHH coupling: 1) gg->HH
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Sensitivity to HHH coupling: 1) gg->HH
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J. Baglio, A. Djouadi et al.  JHEP 1304(2013)51

Strong cancelation
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Figure 14. The normalized Higgs boson pair invariant mass distribution at the LHC with
p
S =

14TeV, where the bands represent the scale uncertainties.

Our above discussions about the dependence of Higgs boson self coupling on the total

cross section and invariant mass distribution are based on the approximated method of

using the form factor to contain parts of top quark mass e↵ects. Therefore our theoretical

predictions receive about O(10%) uncertainties [38]. However once the full NLO QCD

corrections of the Higgs boson production including exact top quark mass e↵ects are avail-

able in the future, the dependence of the resummed total cross section and invariant mass

distribution on the Higgs boson self coupling can be updated immediately, and we can

make more precise predictions. On the other side, above discussions provide some impor-

tant information about the properties of the Higgs boson pair invariant mass distribution

shape. Especially, we see that it is possible to extract the parameter � from the total cross

section and Higgs boson pair invariant mass distribution when the measurement precision

increases at the LHC.

5 Conclusion

We have calculated the resummation e↵ects in the SM Higgs boson pair production at the

LHC with SCET. We present the invariant mass distribution and the total cross section

at NNLL level with ⇡2-enhanced terms resummed, which are matched to the NLO results.

In the high order QCD predictions full form factors including exact top quark mass e↵ects

are used. Our results show that the resummation e↵ects increase the NLO results by

about 20% ⇠ 30%, and the scale uncertainty is reduced to 8%, which leads to increased

– 23 –
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Unfortunately, it is not a easy job at the LHC or even at the SppC.
gg->HH: the leading channel

D.-Y. Shao, C.-S. Li, H.-T. Li, and J. Wang, 

JHEP 07 (2013) 169

strong interference effects,

HH production
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but not accessible at the LHC, due to hard

cuts used by our experimental colleagues 

Mhh(GeV)



Sensitivity to HHH coupling:

2) VBF and VHH
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J. Baglio, A. Djouadi et al.  JHEP 1304(2013)51

VBF and VHH

are sensitive to 

HHH coupling


differently



The VBF and VHH channels share the same 
subprocess but with different kinematics
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Near the threshold of Higgs-boson pairs 
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Sensitivity to HHH Coupling
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HH and VHH @ HL-LHC
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Cross section: 34 fb

vs

Cross section: 0.57 fb>>

   

 

Huge backgrounds:

   

Main backgrounds:

 

� ⇥Br(bbbb`⌫) = 0.042 fb



WHH and ZHH Productions
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The discovery potential of triple Higgs 
coupling in VHH production is 

comparable to other channels.

QHC, Liu, Yan,

Phys.Rev. D95 (2017) no.7, 073006 

0.5    2.2

Nordstrom and Papaefstathiou (arXiv:1807.01571) 

   include full detector effects and show that measuring HHH coupling     

   via WHH and VHH channels is still challenging at the HL-LHC



HVV versus HHVV
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SM predicts a definite ratio between HVV and HVV couplings 

Is the new boson an elementary particle?
• SM Higgs boson is an elementary particle.
• SM predicts a definite ratio between 

HVV and HHVV couplings.

(at tree level)
• For a strongly interacting Higgs-like particle, 

this relation may not hold. 

HHVV needs to be measured.

2

2 VMi g
v

PQ 2
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Is the Higgs boson an elementary particle?
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If the ratio is modified by NP, the unitarity of                is broken VV → HH

gSM
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2. Top-Higgs Interactions
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Four top quark production and the Higgs-top interaction
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8 TeV 1.344 -0.224 0.171
13 TeV 9.997 -1.547 1.108

27 TeV 115.1 -15.57 11.73
100 TeV 3276 -356.9 273.1
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of fb

LO
14 TeV 13.14 -2.007 1.515

NLO corrections:   Bevilacqua, Worek (2012);  

                              Alwall et al (2014);  Frederix, Pagani, Zaro (2017) 

QHC, Chen, Liu, 1602.01934Barger, Stange, Phillips, 1991



Four top quark productions
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σ(tt̄tt̄ ) = 9.997 − 1.547 × y2
t + 1.108 × y4
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Figure 5: The predicted SM value of s(pp ! tttt) [16], calculated at LO with an NLO/LO
K-factor of 1.27, as a function of |yt/y

SM
t | (dashed line), compared with the observed value of

s(pp ! tttt) (solid line), and with the observed 95% CL upper limit (hatched line).yt ≤ 2.1 × ySM
t yt ≤ 1.7 × ySM

t
1908.06463

1909.053061710.10614

The channel is also sensitive to the CP property of top-Higgs interaction.
QHC, Chen, Liu, Zhang, Zhang, 1901.04567
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ℒHtt̄ = −
mt

v
Ht̄(at + ibtγ5)t
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Different phase angle in the hVV and hFF vertices? 

The CP property of the Hbb coupling is hard to measure 

due to the small bottom-quark mass. 

3. CP property of top-Higgs interaction



Higgs boson productions
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CP property of top-Higgs interaction
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ℒHtt̄ = −
mt

v
Ht̄(at + ibtγ5)t

  for a pure CP-odd couplingbt ≤ 1.03

κt ≤ 1.7
CP-even

Phys.Rev. D99 (2019) no.11, 113003

QHC, S.L Chen, Y. Liu, R. Zhang, Y. Zhang 

      JHEP 02, 031 (2018) R. Frederix, D.Pagani, and M. ZaroKF = 1.55
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Global analysis of Top-Higgs interaction
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We knew a little about the CP property of the Htt 
coupling indirectly from the cross sections of the 
single-Higgs production and ttH production. 

                  A pure CP-odd Htt coupling is not supported. 


We still need measure it directly through the 
differential cross-sections of the ttH production.  

22



Measuring CP property of Htt coupling directly
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• We propose a new observable which is very sensitive to 
the parity nature of the htt interaction.

24
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• A nature observable in the 
Higgs-rest frame:
ϕC = arccos (np1

× np2
) ⋅ (nt × nt̄)

Decay plane correlation in ttH channel

• P transformation from 
the Higgs point of view.

QHC, Ke-Pan Xie, Hao Zhang, Rui Zhang, Chin.Phys.C 45 (2021) 2, 023117
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Diphoton Mode of Higgs decay
• Easy to reconstruct Higgs boson

• Clean signal but fewer events
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We impose a set of pre-selection cuts as follows:

p
b

T > 40 GeV, |⌘b| < 2.5, p
j

T > 25 GeV, |⌘j | < 4.5,

p
`
±

T > 15 GeV, |⌘`
±
| < 2.4, /ET > 40 GeV,

E
leading �

T > 35 GeV, E
subleading �

T > 25 GeV,

|⌘� | < 2.4, �Rik > 0.4, i, k = b, `
±
, j, �,

|m�� �mH | < 5 GeV, (6)

where �Rik is the angular distance between the objects
i and k, defined as

�Rik =
p
(⌘i � ⌘k)2 + (�i � �k)2, (7)

and mH denotes the mass of the Higgs boson, which
is chosen as mH = 125 GeV throughout this work.
Assuming the j ! � fake-rate being 10�5, we find
that the cross sections of the background processes of
tt̄�j, tt̄jj and V V jj�� are about 10�4 fb after the pre-
selection cuts and are ignored in our analysis.

It is straightforward to reconstruct the kinematics
of the Higgs boson from the two energetic photons.
Furthermore, we demand three cuts, based on the
property of top quark decays, as follows:

|mjj � 80 GeV| < 20 GeV,

|mbjj � 175 GeV| < 25 GeV,

mb` < 140 GeV. (8)

to suppress the backgrounds. The likelihood fitting
method is used to pick up the correct combinations of
those jets from the W -boson decay and the top quark
decay. We fit the invariant mass distributions of the (b`),
(`⌫), (b`⌫), (jj) and (bjj) systems using the likelihood
functions as follows:

Lb`(m) =
m

(130.1)2 GeV


1 +

⇣
m

63.8

⌘2
�⇢

1�

tanh2


m

149.0
+

⇣
m

149.0

⌘6
+

⇣
m

179.0

⌘12
��

,

L`⌫(m) =
1

(7.5 GeV)⇡

"
1 +

✓
m� 81.4

7.5

◆2
# ,

Lb`⌫(m) =
1

(13.1 GeV)⇡

"
1 +

✓
m� 174.7

13.1

◆2
# ,

Ljj(m) =
1p

2⇡ ⇥ 8.3 GeV
exp


�1

2

(m� 81.0)2

(8.3)2

�
,

Lbjj(m) =
1p

2⇡ ⇥ 13.6 GeV
exp


�1

2

(m� 174.7)2

(13.6)2

�
, (9)

where the parameter m is in the unit of GeV. Minimizing
the following logarithm of likelihood function (LL)

� 2 logLb` � 2 logLb`⌫ � 2 logL`⌫ � 2 logLjj � 2 logLbjj

TABLE I: The cross section (in the unit of fb) of the signal
process (↵ = 0 and ↵ = ⇡/2) and the major background
process tt̄�� in the semileptonic mode of the top quark pair.

↵ = 0 ↵ = ⇡/2 tt̄��

After pre-selection cuts 0.0345 0.0140 0.0056

After reconstruction 0.0189 0.0074 0.0029

with the Z-direction component of the neutrino p
⌫

z

as a variable, we determine which b-jet is from the
leptonic decaying (anti-)top quark and also solve the
p
⌫

z
simultaneously. The cross sections of the signal and

dominant SM background after pre-selection cuts and
reconstruction are shown in Table I. The number of the
signal events after event reconstruction is small due to
the small branching ratio Br(H ! ��).
Once the full kinematics of the top quark and the

Higgs boson are reconstructed, we calculate the �C angle,
defined in Eq. (2). The normalized �C distributions is
plotted in Fig. 3. The di↵erence between the CP-even
and CP-odd Higgs bosons still remains after the event
reconstruction.
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FIG. 3: The normalized �C distribution in the pp ! tt̄H !
��`

±
b̄bjj + 6ET channel after the event reconstruction.

2.2 The H ! bb̄ mode

To suppress the SM background, we consider the
dileptonic decaying mode of tt̄, i.e., tt̄ ! bb̄`

+
`
�
⌫⌫̄.

The dominant SM background is pp ! tt̄bb̄. The event
topology of the signal contains two opposite-sign charged
leptons (e± or µ±), four b-tagged jets, and large missing
transverse momentum. In order to select the signal event,
we impose a set of pre-selection cuts as follows:

p
b

T > 40 GeV, |⌘b| < 2.5, p
`
±

T > 20GeV, |⌘`
±
| < 2.4,

• Large event number.

• The top anti-top plane replaced by 

the dilepton plane.
4

�Rik > 0.4 (i, k = b, `
±), /ET > 50 GeV. (10)

When the two charged leptons are of the same flavor, e.g.
e
+
e
� or µ+

µ
�, we require they are away from the Z pole,

i.e.

|m`+`� �mZ | > 10 GeV, (11)

to suppress the Z + jets background. In addition, we
require mµ+µ� > 20 GeV to suppress the background
from heavy flavor hadron decay.

When the two b-jets are from the Higgs boson decay,
their invariant mass must peak around mh; therefore, we
require at least one pair of b-jets satisfying the following
invariant mass cut,

|mbb �mH | < 25 GeV. (12)

The other two b-jets and two charged leptons are from the
top quark decay. The invariant mass of the b-jet and the
charged lepton, if they originate from the same top quark
decay, is less than 140 GeV, owing to the spin correlation
e↵ect.

For event reconstruction it is crucial to determine
which two b-jets from the Higgs boson decay, which is
done with the likelihood fitting method in our analysis.
The likelihood function of the invariant mass of the bb̄

pair from the Higgs boson decay is

Lbb(m) =
1p

2⇡ ⇥ 10.6 GeV
exp


�1

2

(m� 126.2)2

(10.6)2

�
, (13)

after imposing all the cuts. Again, the parameter m is
in the unit of GeV. The b`

± distributions are used to
decrease the contamination from the b-jets from the top
quark decay. We demand any pair of the b-jet and the
charged leptons must satisfy the following condition,

mb` < 140 GeV, (14)

and then fit the invariant mass distributions of the b`
±

pair with the likelihood function Lb` given in Eq. (9). By
minimizing the discriminator,

D = �22.0� 5 logLbb � 0.02
q
log2 Lb`+ + log2 Lb`� ,

we identify the two b-jets from the Higgs boson decay.
In addition, a cut of D < 0 is imposed to optimize the
signal-to-background ratio.

Table II shows the cross section of the signal (↵ =
0 and ↵ = ⇡/2) and dominant SM backgrounds after
the pre-selection cut and the event reconstruction. The
rate of other backgrounds, e.g. W+

W
� + 4j, W+

W
� +

1b3j, W+
W

�+2b2j andW
+
W

�+3b1j, are smaller than
10�5 fb after the pre-selection cuts and are ignored in our
analysis.

After identifying the two b-jets from the Higgs boson
decay, the other two b-jets are treated as from the top
quark decays. Owing to the two invisible neutrinos in
the final state, it is hard to reconstructed the top quark

TABLE II: The cross section (in the unit of fb) of signal and
background processes where j denotes the light-flavor jet from
g, u, d, s, c.

↵ = 0 ↵ = ⇡/2 tt̄bb̄ tt̄bj tt̄jj WW4b

pre-selection 0.601 0.295 1.261 0.0215 0.0460 0.0007

reconstruction 0.558 0.273 0.945 0.0160 0.0343 0.0005
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FIG. 4: The normalized �
``
C distribution the pp ! tt̄H !

4b+ `
+
`
� + /ET channel.

and antitop quark. We consider the �``

C
defined in Eq. (3)

and plot the normalized distributions in Fig. 4. The CP-
even Higgs boson (red) and the SM background (black)
share almost the same distribution. On the other hand,
the CP-odd Higgs boson (black curve) exhibits a distinct
distribution.

3. CP-even versus CP-odd

A purely CP-odd scalar is severely limited by the global
fitting of the single Higgs boson production, the tt̄H

production and the tt̄tt̄ production [23, 25, 26]. It is
still important to probe the CP phase directly from a
single scattering process. Equipped with the �C and
�
``

C
distributions for both the CP-even and the CP-

odd Higgs bosons, we are ready to discuss how well
one can distinguish the CP-odd Higgs boson from the
CP-even one. In our study we divide the �C and �

``

C

distributions into 10 bins and use the binned likelihood
function defined as following:

L(µ,↵) ⌘
NbinY

i=1

(µsi(↵) + bi)
ni

ni!
e
�µsi(↵)�bi , (15)

where Nbin = 10, µ is the strength of the signal, bi and
ni is the number of the background and observed event

ϕℓℓ
C = arccos (np1

× np2) ⋅ (nℓ− × nℓ+)



4. Higgs boson width 
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Nature of Higgs Boson

Elementary scalar Composite scalar

SM Extended Scalar

�H/�SM
H

< 1
<latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit>

�H/�SM
H

> 1
<latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit>

xSM
2HDM
Triplet

…

Scalar  
mixing

Enhanced  
Yukawa

Invisible 
Decay

2HDM
GM

xSM
(Binv > 0)

<latexit sha1_base64="Xn3t0P50PC+sEhfSmhFaDrNEqWI=">AAACFXicbVDLSgMxFM3UV62vURcu3ASLUDdlRgRdSakblxXsA9phyGTSNjTJDEmmUIb5Dj/ArX6CO3Hr2i/wN0yns9DWAyGHc+7l3nuCmFGlHefLKq2tb2xulbcrO7t7+wf24VFHRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WByN/e7UyIVjcSjnsXE42gk6JBipI3k2ye1dCA5bGZ+/lMxzeAtdC58u+rUnRxwlbgFqYICLd/+HoQRTjgRGjOkVN91Yu2lSGqKGckqg0SRGOEJGpG+oQJxorw0PyCD50YJ4TCS5gkNc/V3R4q4UjMemEqO9Fgte3PxX0+ZVcYkXBqvhzdeSkWcaCLwYvowYVBHcB4RDKkkWLOZIQhLag6AeIwkwtoEWTHJuMs5rJLOZd116u7DVbXRLDIqg1NwBmrABdegAe5BC7QBBhl4Bi/g1Xqy3qx362NRWrKKnmPwB9bnDy3fnf0=</latexit><latexit sha1_base64="Xn3t0P50PC+sEhfSmhFaDrNEqWI=">AAACFXicbVDLSgMxFM3UV62vURcu3ASLUDdlRgRdSakblxXsA9phyGTSNjTJDEmmUIb5Dj/ArX6CO3Hr2i/wN0yns9DWAyGHc+7l3nuCmFGlHefLKq2tb2xulbcrO7t7+wf24VFHRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WByN/e7UyIVjcSjnsXE42gk6JBipI3k2ye1dCA5bGZ+/lMxzeAtdC58u+rUnRxwlbgFqYICLd/+HoQRTjgRGjOkVN91Yu2lSGqKGckqg0SRGOEJGpG+oQJxorw0PyCD50YJ4TCS5gkNc/V3R4q4UjMemEqO9Fgte3PxX0+ZVcYkXBqvhzdeSkWcaCLwYvowYVBHcB4RDKkkWLOZIQhLag6AeIwkwtoEWTHJuMs5rJLOZd116u7DVbXRLDIqg1NwBmrABdegAe5BC7QBBhl4Bi/g1Xqy3qx362NRWrKKnmPwB9bnDy3fnf0=</latexit><latexit sha1_base64="Xn3t0P50PC+sEhfSmhFaDrNEqWI=">AAACFXicbVDLSgMxFM3UV62vURcu3ASLUDdlRgRdSakblxXsA9phyGTSNjTJDEmmUIb5Dj/ArX6CO3Hr2i/wN0yns9DWAyGHc+7l3nuCmFGlHefLKq2tb2xulbcrO7t7+wf24VFHRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WByN/e7UyIVjcSjnsXE42gk6JBipI3k2ye1dCA5bGZ+/lMxzeAtdC58u+rUnRxwlbgFqYICLd/+HoQRTjgRGjOkVN91Yu2lSGqKGckqg0SRGOEJGpG+oQJxorw0PyCD50YJ4TCS5gkNc/V3R4q4UjMemEqO9Fgte3PxX0+ZVcYkXBqvhzdeSkWcaCLwYvowYVBHcB4RDKkkWLOZIQhLag6AeIwkwtoEWTHJuMs5rJLOZd116u7DVbXRLDIqg1NwBmrABdegAe5BC7QBBhl4Bi/g1Xqy3qx362NRWrKKnmPwB9bnDy3fnf0=</latexit><latexit sha1_base64="Xn3t0P50PC+sEhfSmhFaDrNEqWI=">AAACFXicbVDLSgMxFM3UV62vURcu3ASLUDdlRgRdSakblxXsA9phyGTSNjTJDEmmUIb5Dj/ArX6CO3Hr2i/wN0yns9DWAyGHc+7l3nuCmFGlHefLKq2tb2xulbcrO7t7+wf24VFHRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WByN/e7UyIVjcSjnsXE42gk6JBipI3k2ye1dCA5bGZ+/lMxzeAtdC58u+rUnRxwlbgFqYICLd/+HoQRTjgRGjOkVN91Yu2lSGqKGckqg0SRGOEJGpG+oQJxorw0PyCD50YJ4TCS5gkNc/V3R4q4UjMemEqO9Fgte3PxX0+ZVcYkXBqvhzdeSkWcaCLwYvowYVBHcB4RDKkkWLOZIQhLag6AeIwkwtoEWTHJuMs5rJLOZd116u7DVbXRLDIqg1NwBmrABdegAe5BC7QBBhl4Bi/g1Xqy3qx362NRWrKKnmPwB9bnDy3fnf0=</latexit>

Twin Higgs Composite Higgs

�H/�SM
H

< 1
<latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit><latexit sha1_base64="It6vrJZKskRr5K2gHZdhiFLj1gw=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF24KLqwG6GivUBnHDKZtA1NMkOSEcrQnc/hA7jVR3AnbgWfwNcwbWehrT8EPv5zDifnDxNGlXacL2tufmFxabmwUlxdW9/YtLe2GypOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmG/ctRvflApKKxuNODhPgcdQXtUIy0sQJ7z7tCnKOgejSB+8yTHN5eD4MqPIduYJecsjMWnAU3hxLIVQvsby+KccqJ0Jghpdquk2g/Q1JTzMiw6KWKJAj3UZe0DQrEifKz8R1DeGCcCHZiaZ7QcOz+nsgQV2rAQ9PJke6p6drI/LemzFd6JJparztnfkZFkmoi8GR7J2VQx3CUFIyoJFizgQGEJTUHQNxDEmFt8iyaZNzpHGahcVx2nbJ7c1KqXOQZFcAu2AeHwAWnoAKqoAbqAINH8AxewKv1ZL1Z79bHpHXOymd2wB9Znz9I6qCp</latexit>

�H/�SM
H

> 1
<latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit><latexit sha1_base64="wl/d0PDtF4oq/RkT3hJVh3wwIk0=">AAACHHicbZDLSgMxFIYzXmu9jboUJFgEV3VGBF1J0YXdCBXtBTrjkMmkbWiSGZKMUIbufA4fwK0+gjtxK/gEvoZpOwtt/SHw8Z9zODl/mDCqtON8WXPzC4tLy4WV4ura+samvbXdUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX47qzQciFY3FnR4kxOeoK2iHYqSNFdh73hXiHAXVowncZ57k8PZ6GFThOXQDu+SUnbHgLLg5lECuWmB/e1GMU06Exgwp1XadRPsZkppiRoZFL1UkQbiPuqRtUCBOlJ+N7xjCA+NEsBNL84SGY/f3RIa4UgMemk6OdE9N10bmvzVlvtIj0dR63TnzMyqSVBOBJ9s7KYM6hqOkYEQlwZoNDCAsqTkA4h6SCGuTZ9Ek407nMAuN47LrlN2bk1LlIs+oAHbBPjgELjgFFVAFNVAHGDyCZ/ACXq0n6816tz4mrXNWPrMD/sj6/AFMIKCr</latexit>
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We present the automation of one-loop computations in the standard-model e�ective field theory
at dimension six. Our general implementation, dubbed SMEFT@NLO, covers all types of operators:
bosonic, two- and four-fermion ones. Included ultraviolet and rational counterterms presently allow
for fully di�erential predictions, possibly matched to parton shower, up to the one-loop level in the
strong coupling or in four-quark operator coe�cients. Exact flavor symmetries are imposed among
light quark generations and an initial focus is set on top-quark interactions in the fermionic sector.
We illustrate the potential of this implementation with novel loop-induced and next-to-leading-order
computations relevant for top-quark, electroweak, and Higgs-boson phenomenology at the LHC and
future colliders.

Introduction Observed deviations in accurate mea-
surements would indirectly point to the existence of
physics beyond the standard model (SM), even if heavy
new states remain out of reach of the LHC and foreseen
accelerators. Given the richness of collider observables
and of the models proposed to address SM limitations, a
clear strategy is needed to maximize the reach of present
and future experiments.

The standard-model e�ective field theory (SMEFT)
provides a powerful framework to search for and interpret
possible deviations from the SM [1–3]. Its use is comple-
mentary to direct searches. Higher-dimensional opera-
tors compatible with the symmetries of the SM generate
a well-defined pattern of new interaction terms. Their
relevance is dictated, a priori, by the operator dimen-
sion, i.e., by an expansion in 1/�,

LSMEFT = LSM +
ÿ

i

c(6)
i O(6)

i

�2 + O

3
1

�3

4
, (1)

where LSM is the SM Lagrangian, O(d)
i are operators of

dimension d larger than four, and the c(d)
i are the cor-

responding Wilson coe�cients which encode information
about the ultraviolet (UV) theory. We do not consider
the single operator of dimension five which violates lepton
number and generates Majorana neutrino masses. At di-
mension six, without considering the combinatorial com-
plexity introduced by non-trivial flavor structures, the
number of independent operators is remarkably small [4].
Just 84 parameters encode the leading indirect e�ects
from all flavor-blind scenarios of decoupling new physics.

One can then parametrize possible deviations from the
SM prediction, for any observable on, in terms of the

Wilson coe�cients

�on = oEXP
n ≠oSM

n =
ÿ

i

a(6)
n,i(µ) c(6)

i (µ)
�2 +O

3
1

�3

4
, (2)

where oSM
n and a(6)

n,i are calculated using standard tech-
niques as expansions in the strong and weak couplings,
while µ is the renormalization scale. The expression
above illustrates the key points of a precision approach to
the search for new physics. First, one needs to achieve the
highest precision in both the experimental and SM de-
terminations of the observables on to reliably identify the
corresponding deviation �on. Second, since the SMEFT
correlates these deviations, improving its predictions en-
hances our sensitivity to new-physics patterns. Third, in
presence of a signal, the identification of the UV physics
based on the extracted c(6)

i /�2 can be greatly a�ected by
the accuracy and precision on the a(6)

n,i. Hence, to fully
exploit the measurements, it is not only mandatory to
have the best SM calculations but also to control the ac-
curacy and uncertainties of the SMEFT predictions. In
this article, we present an important milestone in this di-
rection, allowing to automatically compute higher-order
contributions to SMEFT predictions, for any observable
of interest.

Generalities Adopting the Warsaw basis [5] and af-
ter canonical normalization, we implement dimension-six
SMEFT operators in a FeynRules [6] model dubbed
SMEFT@NLO. This implementation is publicly avail-
able online together with its technical documentation,
including operator definitions [7].

We employ GF , mZ and mW as electroweak input pa-
rameters so that propagators do not depend on operator
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We present the automation of one-loop computations in the standard-model e�ective field theory
at dimension six. Our general implementation, dubbed SMEFT@NLO, covers all types of operators:
bosonic, two- and four-fermion ones. Included ultraviolet and rational counterterms presently allow
for fully di�erential predictions, possibly matched to parton shower, up to the one-loop level in the
strong coupling or in four-quark operator coe�cients. Exact flavor symmetries are imposed among
light quark generations and an initial focus is set on top-quark interactions in the fermionic sector.
We illustrate the potential of this implementation with novel loop-induced and next-to-leading-order
computations relevant for top-quark, electroweak, and Higgs-boson phenomenology at the LHC and
future colliders.

Introduction Observed deviations in accurate mea-
surements would indirectly point to the existence of
physics beyond the standard model (SM), even if heavy
new states remain out of reach of the LHC and foreseen
accelerators. Given the richness of collider observables
and of the models proposed to address SM limitations, a
clear strategy is needed to maximize the reach of present
and future experiments.

The standard-model e�ective field theory (SMEFT)
provides a powerful framework to search for and interpret
possible deviations from the SM [1–3]. Its use is comple-
mentary to direct searches. Higher-dimensional opera-
tors compatible with the symmetries of the SM generate
a well-defined pattern of new interaction terms. Their
relevance is dictated, a priori, by the operator dimen-
sion, i.e., by an expansion in 1/�,

LSMEFT = LSM +
ÿ
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3
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where LSM is the SM Lagrangian, O(d)
i are operators of

dimension d larger than four, and the c(d)
i are the cor-

responding Wilson coe�cients which encode information
about the ultraviolet (UV) theory. We do not consider
the single operator of dimension five which violates lepton
number and generates Majorana neutrino masses. At di-
mension six, without considering the combinatorial com-
plexity introduced by non-trivial flavor structures, the
number of independent operators is remarkably small [4].
Just 84 parameters encode the leading indirect e�ects
from all flavor-blind scenarios of decoupling new physics.

One can then parametrize possible deviations from the
SM prediction, for any observable on, in terms of the

Wilson coe�cients

�on = oEXP
n ≠oSM
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ÿ
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where oSM
n and a(6)

n,i are calculated using standard tech-
niques as expansions in the strong and weak couplings,
while µ is the renormalization scale. The expression
above illustrates the key points of a precision approach to
the search for new physics. First, one needs to achieve the
highest precision in both the experimental and SM de-
terminations of the observables on to reliably identify the
corresponding deviation �on. Second, since the SMEFT
correlates these deviations, improving its predictions en-
hances our sensitivity to new-physics patterns. Third, in
presence of a signal, the identification of the UV physics
based on the extracted c(6)

i /�2 can be greatly a�ected by
the accuracy and precision on the a(6)

n,i. Hence, to fully
exploit the measurements, it is not only mandatory to
have the best SM calculations but also to control the ac-
curacy and uncertainties of the SMEFT predictions. In
this article, we present an important milestone in this di-
rection, allowing to automatically compute higher-order
contributions to SMEFT predictions, for any observable
of interest.

Generalities Adopting the Warsaw basis [5] and af-
ter canonical normalization, we implement dimension-six
SMEFT operators in a FeynRules [6] model dubbed
SMEFT@NLO. This implementation is publicly avail-
able online together with its technical documentation,
including operator definitions [7].

We employ GF , mZ and mW as electroweak input pa-
rameters so that propagators do not depend on operator
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SMEFT Measurements

1) Linear (interference) or Quadratic (operator squared)? Dim-8?

2) RG running effect?

3) Operator Basis? Field and mass redefinitions?

4) QCD corrections? Operator mixings? 

59 independent operators at dim-6
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} same interference O(3)
qq

Tree level correlation
 in the SM

The correlation in the linear analysis in SMEFT

W

W′￼

TB

W′￼

b t

⟨H⟩ ⟨H⟩ ⟨H⟩ ⟨H⟩W⟨H⟩

b tb tb t

W

WMD

W-prime or Extra quarks

σt(Λ = 1TeV) = [214+2
−1 − 13+2

−1C
(3)
qq + 16+2

−3CuW + 13+1
−2C

(3)
ϕq ] pb

QHC, Jiang, Zeng, 2105.04464

QHC, Wudka, Yuan, 0704.2809
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σtHq(Λ = 1TeV) = [70.0 − 11.3+0.6
−0.3C

(3)
qq + 22+1

−2CuW − 2.6+0.2
−0.2C

(3)
ϕq ] fb

W

W′￼

TB

W′￼

b t

⟨H⟩ H ⟨H⟩ HWH

b tb tb t

W
H

More operators involved in tHq channel but bounded

OϕD = (ϕ†Dμϕ)* (ϕ†Dμϕ)
Oϕ□ = (ϕ†ϕ) □ (ϕ†ϕ)
Ouϕ = (ϕ†ϕ) (q̄purϕ̃) + h . c

OϕW = ϕ†ϕWI
μνWIμν H → ZZ*/Zγ/γγ

gg → H, gg → tt̄H

EWPT at LEP
gg → H
H → bb̄

Operators Measurements

The same three operators contributing predominantly in the tHq channel

Direct correlation induced by the three operators
For comprehensive EFT analysis 

of the tHq channel, see 1804.07773 

(Degrande,Maltoni,Mimasu,

Vryonidou,Zhang)
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Three operators require at least three independent measurements;

fortunately, single-top production provides richer info than expected. 

σt = σ(tq) + σ(t̄q)

Rt ≡
σ(tq)
σ(t̄q)

AFB =
σF − σB

σF + σB

O(3)
qq , OuW′￼, O(3)

φq

O(3)
qq , OuW

OuW

σtHq = [− 95.1 − 44.0 ×
σt+t̄

σSM
t+t̄

− 266.0 ×
AFB

ASM
FB

+ 479.4 ×
Rt

RSM
t ] fb

σtHq = [106.8 ± 64.8] fb σtHq = [74.3 ± 45.4] fb

Current HL-LHC

The relation serves for checking the consistency of SMEFT.



Conclusion
It is very challenging but we need measure the HHH coupling 

          from all possible ways to probe the scalar potential.

Precision measurements of Higgs couplings would shed 

          lights on new physics beyond the SM. 

Thank You!

We are in the era of Higgs precision!


